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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of im-
plantable medical devices and, in particular, to aleft atrial
appendage (LAA) occluder and an LAA occlusion system
including the LAA occluder.

BACKGROUND

[0002] Atrial fibrillation (AF) is the most common per-
petual arrhythmia seen in clinical practice and is associ-
ated with a risk of causing ischemic stroke. Therefore,
the prevention of atrial fibrillation is of great significance.
Recent studies have shown that LAA occlusion is an ef-
fective countermeasure to the risk of AF-caused ischemic
stroke.

[0003] Existing LAA occluders can be generally cate-
gorized into one-piece and two-piece ones. Watchman
occluders are typical one-piece LAA occluders, which
feature a cage-like shape and an integral skeleton. Such
occluders are easy to fabricate and can be implanted so
as to be entirely anchored in the LAA. Representative
examples of two-piece LAA occluders include LAmbre
occluders. Such occluders are characterized in consist-
ing of a locator and an occluding disc connected to the
locator. In use, the locator is anchored in the LAA and
functions like a rivet. LAA occlusion is primarily accom-
plished by the occluding disc secured at the LAA orifice,
although the locator also makes a certain contribution to
the occlusion.

[0004] However, occluders of both types do not allow
passage of a guide wire therethrough, leading to the fol-
lowing two common disadvantages: 1) implantation of
the occluder must follow withdrawal of the guide wire
from a sheath and rely on position by the sheath, which
brings great challenges to the design of the sheath, limits
its other capabilities, raises its cost and tends to cause
straightening and hence an unfavorable orientation of
the sheath due to the passage of a stent therethrough or
release of the stent; and 2) once decoupled and released,
retrieval of the occluder is difficult and has to rely on the
use of a snare, which is, however, associated with a very
low success rate.

[0005] There, there is still a need in the art for an oc-
cluder allowing easy passage, position and orientation,
as well as easy retrieval after it is deployed.

SUMMARY OF THE INVENTION

[0006] Itis an objective of the present invention to dis-
close a left atrial appendage (LAA) occluder and an LAA
occlusion system including the LAA occluder, which al-
lows re-positioning, release and orientation of the LAA
occluder and an increased surgical success rate.

[0007] It is another objective of the present invention
to disclose an LAA occluder and an LAA occlusion sys-
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tem including the LAA occluder, which allows easy re-
trieval of the LAA occluder without using a snare after it
is released, and hence increased utilization efficiency
thereof.

[0008] The above objectives are attained by an LAA
occluder according to the present invention, which in-
cludes an occluding stent, a proximal securing member
and a distal securing member. The occluding stent in-
cludes an occlusion structure and a traction structure.
The occlusion structure has a first proximal end and a
first distal end opposing the first proximal end. The prox-
imal securing member is disposed at the first proximal
end and configured to form a closed configuration at the
first proximal end, and the first distal end is configured in
an open configuration. The traction structure is connect-
ed to the occlusion structure and is at least partially over-
lapped with the occlusion structure along an axial direc-
tion, the traction structure comprising a plurality of trac-
tion elements each having a first end connected to the
distal securing member and a second end connected to
the occlusion structure, wherein movement of the distal
securing member toward the proximal securing member
is able to cause the occluding stent to transition from an
expanded configuration to a collapsed configuration. The
collapsed configuration includes, but is not limited to, mu-
tualapproaching of portions at the first distal end, abutting
of them against one another, crossing of them over one
another and partial or entire inward rolling of them.
[0009] Preferably, the occlusion structure may be di-
vided by the traction structure into a first portion and a
second portion joined to the first portion along the axial
direction, wherein the first portion provides the first prox-
imal end, and the second portion provides the first distal
end.

[0010] Preferably, a length of the second portion may
be equal to 3% to 30% of an outer diameter or total length
of the occlusion structure.

[0011] Preferably, thelength of the second portion may
be equal to 5% to 25% of the outer diameter or total length
of the occlusion structure.

[0012] Preferably, thelength of the second portion may
be equal to 8% to 22% of the outer diameter or total length
of the occlusion structure.

[0013] Preferably, thelength ofthe second portion may
be equal to 10% to 20% of the outer diameter or total
length of the occlusion structure.

[0014] Preferably, thelength ofthe second portion may
be equalto 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19% or 20% of the outer diameter or total length of
the occlusion structure.

[0015] Preferably, thelength of the second portion may
correspond to 0.1 to 1.0 segment.

[0016] Preferably, thelength ofthe second portion may
correspond to 0.2 to 0.9 segment.

[0017] Preferably, thelength ofthe second portion may
correspond to 0.3 to 0.8 segment.

[0018] Preferably, thelength ofthe second portion may
correspond to 0.3, 0.4, 0.5, 0.6, 0.7 or 0.8 segment.
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[0019] Preferably, the second portion may be one or a
combination of a tapered structure, a straight structure
and a flared structure.

[0020] Preferably, a distalmost end of the second por-
tion may be a tapered structure.

[0021] Preferably, the LAA occluder may further in-
clude a hollow guide member coupled to the occlusion
structure, wherein the hollow guide member is arranged
coaxially with the proximal securing member so as to
allow passage of the distal securing member and at least
part of the traction structure therethrough.

[0022] Preferably, the hollow guide member may have
a second proximal end and a second distal end opposing
the second proximal end, wherein the second proximal
end is coupled to the first proximal end of the occlusion
structure, and wherein the distal securing member and
the at least part of the traction structure are able to be
inserted into the hollow guide member from the second
distal end, the second distal end having a flared opening.
[0023] Preferably, the hollow guide member may have
an inner diameter smaller than the length of the second
portion.

[0024] Preferably, the traction structure may be com-
pletely overlapped with the occlusion structure along the
axial direction.

[0025] Preferably, the occlusion structure may further
include a plurality of projections at the first distal end, the
plurality of projections abutting against one another, to
limit the movement of the distal securing member toward
the proximal securing member under traction of the trac-
tion structure.

[0026] Preferably, a connection point of the traction
structure to the occlusion structure may be aligned with
the distal securing member along the axial direction.
[0027] Preferably, the occlusion structure may include
a plurality of mesh cells, the plurality of mesh cells each
having a plurality of corner nodes, and wherein a number
of the traction elements is smaller than or equal to that
of the plurality of corner nodes on a same circumference
of the occlusion structure.

[0028] Preferably, the number of the traction elements
may be at least three.

[0029] Preferably, the LAA occluder may further in-
clude an occluding membrane, which covers at least part
of an internal or external surface of the occluding stent.
[0030] Preferably, the occlusion structure and/or the
traction structure may be provided thereon with an an-
chor for securing the left atrial appendage occluder to an
inner wall of a left atrial appendage.

[0031] Preferably, the occlusion structure may be
molded integrally with, or separately from, the traction
structure, wherein the distal securing member is ar-
ranged coaxially with the proximal securing member.
[0032] The above objectives are also attained by an
LAA occlusion system including the LAA occluder as de-
fined in any of the above paragraphs and a delivery de-
vice. The delivery device includes a hollow push tube
and a control shaft. The hollow push tube is detachably
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coupled to the proximal securing member in order to allow
delivery and release of the LAA occluder, and the control
shaft is inserted through the hollow push tube and the
proximal securing member and is detachably coupled to
the distal securing member in order to allow retrieval and
release of the LAA occluder.

[0033] Preferably, the hollow push tube may have a
third distal end configured for connection with the proxi-
mal securing member by threading, latching or snapping,
and the control shaft may have a fourth distal end con-
figured for connection with the distal securing member
by threading, latching or snapping.

[0034] In the above-described LAA occluder and LAA
occlusion system including the LAA occluder, each of the
occlusion and traction structures of the occluding stent
is coupled to a respective one of the securing members
(wherein the distal securing member coupled to the trac-
tion structure is moveable relative to the proximal secur-
ing member coupled to the occlusion structure). In this
way, the axial length of the occluding stent can be short-
ened, resulting in areduced length of the delivery device,
lowered cost, reduced surgical difficulty and a shorter
surgical time. Moreover, according to the present inven-
tion, in addition to a reduction in the axial length of the
occluding stent, the movement of the distal securing
member toward the proximal securing member can also
resultin a reduced outer diameter of the occluding stent,
which can facilitate retrieval of at least part of the occlud-
ing stent into the delivery sheath during release and sub-
sequent re-positioning and re-release thereof. Addition-
ally, this can keep the anchors on the occluding stent
away from the inner wall of the LAA under the action of
the distal securing member, avoiding bringing damage
to the tissue or muscle during repeated re-positioning
and retrieval and assuring safety and reliability of the
retrieval operation. Notably, according to the present in-
vention, when the end portions of the occlusion structure
atthe firstdistal end are gathered to abut against, or even
cross over, one another as a result of the movement of
the distal securing member toward the proximal securing
member, further movement of the distal securing mem-
ber (i.e., further retraction of the control shaft) will be
blocked. This can avoid the problem of entanglement re-
sulting from inward rolling of the occluding stent in the
event of human error, resulting in an additional increase
in surgical success rate.

[0035] Furthermore, according to the present inven-
tion, controlling the deformation of the LAA occluder by
means of the control shaft that is independent of the hol-
low push tube can simplify and facilitate the retrieval op-
eration. Additionally, according to the present invention,
the retrieval operation is made even easier and more
convenient by limiting the direction of movement of the
distal securing member with the hollow guide member
coupled to the occlusion structure. This also facilitates
the inward rolling of the second portion of the occlusion
structure under the traction of the traction structure and
consequent direct abutting against the distal end of the
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hollow guide member, which prevents further entry of the
second portion into the hollow guide member, thus al-
lowing more effective blocking of further retraction of the
control shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] It will be appreciated by those of ordinary skill
in the art that the accompanying drawings are provided
for a better understanding of the present invention and
do not limit it in any way. In these figures:

Fig. 1 is a schematic perspective view of a left atrial
appendage (LAA) occluder according to an embod-
iment of the present invention;

Fig. 2 is a side view of the LAA occluder of Fig. 1;
Fig. 3 is a schematic diagram of an LAA occluder
and a delivery device coupled thereto according to
an embodiment of the present invention, in which
end portions of the LAA occluder at a first distal end
thereof are not gathered yet;

Fig. 4a is a schematic diagram of the LAA occluder
of the Fig. 3, with its end portions at the first distal
end being gathered to abut against one another as
a result of a driving action of the delivery device;
Fig. 4b is a schematic diagram of the LAA occluder
of the Fig. 3, with its end portions at the first distal
end being gathered to cross over one another as a
result of a driving action of the delivery device;

Fig. 5a is a simplified schematic diagram of an as-
sembly of an LAA occluder as a comparative exam-
ple and a delivery device coupled thereto, according
to an embodiment of the present invention.

Fig. 5b is a schematic diagram of the LAA occluder
of Fig. 5a, with a distal end portion thereof driven by
the delivery device to assume a collapsed configu-
ration where entanglement of the distal end portion
of the LAA occluder has not taken place yet;

Fig. 5¢c is a schematic diagram of the LAA occluder
of Fig. 5b, with a distal end portion thereof in which
entanglement has taken place as a result of an ad-
ditional driving action of the delivery device;

Fig. 6 is a schematic illustration of an LAA occluder
according to an embodiment of the present inven-
tion, which is anchored in an LAA;

Fig. 7 is a simplified schematic diagram of an LAA
occluder according to a preferred embodiment of the
presentinvention, which is assembled with a delivery
device;

Fig. 8 is a simplified schematic diagram of an LAA
occluder according to a preferred embodiment of the
present invention, with distal end portions thereof
abutting against one another as a result of a driving
action of a delivery device.

[0037] In these figures,
100-LAA occluder; 110, 10-occluding stent; 111-occlu-
sion structure; 111a-first proximal end; 111b-first distal
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end; 111c-first portion; 111d-second portion; 112-trac-
tion structure; 1121-traction element; 113, 11-anchor;
120-proximal securing member; 130-distal securing
member; 140-occluding membrane; 150-hollow guide
member;

200-delivery device;

210-hollow push tube; 211-third distal end;

220-control shaft; 221-fourth distal end.

[0038] In these figures, like components are indicated
by like reference numerals.

DETAILED DESCRIPTION

[0039] Objectives, advantages and features of the
present invention will be more apparent from the follow-
ing more detailed description thereof, which is to be read
in conjunction with the accompanying drawings. Itis not-
ed that the figures are provided in a very simplified form
not necessarily presented to scale, with their only inten-
tion to facilitate convenience and clarity in explaining the
disclosed embodiments.

[0040] Asused herein and inthe appended claims, the
singular forms "a", "an", and "the" include plural refer-
ences unless the context clearly dictates otherwise. As
used herein and in the appended claims, the term "or" is
generally employed in its sense including "and/or" unless
the content clearly dictates otherwise.

[0041] In the following description, the terms "distal",
"proximal", "axial" and "circumferential" are used for the
sake of ease of description. A "distal" end of a delivery
device is meant to refer to its end located farther away
from a left atrial appendage (LAA) occluder, and a "prox-
imal" end of the delivery device is meant to refer to its
end located closer to the LAA occluder. The term "axial"
is used to describe the direction along an axis of an oc-
cluding stent in the LAA occluder, and the term "circum-
ferential" is used to describe the direction about the axis
of the occluding stent in the LAA occluder. The term "in-
ward" is intended to mean a direction pointing toward the
axis of the occluding stent, while the term "outward" is
meant to mean a direction opposite to the direction that
the term "inward" is intended to mean. In addition, the
terms "first", "second" and "third" are used only for the
purpose of illustration and are not to be construed as
indicating or implying relative importance or implicitly in-
dicating the number of the stated features. Therefore, a
feature described with the term "first", "second" or "third"
can explicitly or implicitly indicate the presence of one or
more such features. As used herein, the term "plurality”
has the meaning of "two or more", unless the context
clearly indicates otherwise.

[0042] Further, the following description sets forth nu-
merous specific details in order to provide a more thor-
ough understanding of the present invention. However,
itwillbe apparent to those skilled in the art thatthe present
invention can be practiced without one or more of these
specific details. In other instances, well-known technical
features have not been described in order to avoid un-
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necessary obscuring of the present invention.

[0043] A detailed description is given below with refer-
ence tothe accompanying drawings. Fig. 1is a schematic
perspective view of a left atrial appendage (LAA) occlud-
er according to an embodiment of the present invention,
and Fig. 2 is a side view of the LAA occluder of Fig. 1.
As shown in Figs. 1 and 2, the LAA occluder 100 includes
an occluding stent 110, a proximal securing member 120
and a distal securing member 130.

[0044] The occluding stent 110 includes an occlusion
structure 111 and a traction structure 112. The occlusion
structure 111 is in the form of a tubular mesh and has a
first proximal end 111a and a first distal end 111b oppos-
ing the first proximal end 111a. The proximal securing
member 120 is arranged at the first proximal end 111a
and is configured to form a closed configuration at the
first proximal end 111a. Specifically, this can be accom-
plished by gathering end portions of the occlusion struc-
ture 111 at the first proximal end 111a to the proximal
securing member 120. The first distal end 111b is con-
figured in an open configuration. Specifically, a portion
of the occlusion structure 111 around the first distal end
111bis configured to form an opening. The traction struc-
ture 112 is attached to the occlusion structure 111. Pref-
erably, the connection point of the traction structure 112
to the occlusion structure 111 forms a boundary that ax-
ially divides the occlusion structure 111 into two parts.
Here, the traction structure 112 may be attached to the
occlusion structure 111 either fixedly, for example, by
welding, integral molding, etc., or movably, for example,
by disposing one end of the traction structure over the
occlusion structure 111. Moreover, in some embodi-
ments, the traction structure 112 may be completely over-
lapped with the occlusion structure 111 across its axial
length. In other embodiments, the traction structure 112
may be partially overlapped with the occlusion structure
111 across its axial length. Here, the term "completely
overlapped" means that the traction structure 112 is en-
tirely disposed within the occlusion structure 111, while
"partially overlapped" means that part of the traction
structure 112 is disposed within the occlusion structure
111, while the remainder extends out of the occlusion
structure 111 at the first distal end 111b thereof.

[0045] The traction structure 112 includes a plurality
of traction elements 1121, each having a first end con-
nected to the distal securing member 130, preferably by
welding or crimping, and a second end connected to the
occlusion structure 111. Preferably, the second ends of
all the traction elements 1121 are distributed about an
axis of the occlusion structure 111. For easier operation,
the distal securing member 130 is preferably disposed
coaxially with the proximal securing member 120.
[0046] Reference is now made to Figs. 3, 4a and 4b.
Fig. 3 schematically illustrates an LAA occluder accord-
ing to an embodiment of the present invention and a de-
livery device coupled thereto. Fig. 4a schematically illus-
trates the LAA occluder of Fig. 3 with end portions thereof
at the first distal end being gathered under action of the
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delivery device to abut against one another. Fig. 4b sche-
matically illustrates the LAA occluder of Fig. 3 with the
end portions thereof at the first distal end being gathered
under action of the delivery device to cross over one an-
other.

[0047] As shown in Figs. 3, 4a and 4b, the delivery
device 200 may include a hollow push tube 210 and a
control shaft 220. The hollow push tube 210 may have a
third distal end 211 complementary in form to the proxi-
mal securing member 120 so that the hollow push tube
210 can be detachably coupled to the occluding stent
110 to allow delivery and release of the LAA occluder.
The proximal securing member 120 may define a hollow
lumen so that the control shaft 220 can pass through both
the hollow push tube 210 and the proximal securing mem-
ber 120 and come into the detachable connection with
the distal securing member 130 when protruding out of
the proximal securing member 120. In this way, retrieval
and release of the LAA occluder can be accomplished
with the control shaft 220 (in this case, the hollow guide
member 150 in the figure can be omitted, and the case
with the hollow guide member 150 will be described in
detail later).

[0048] In this design, the control shaft 220 can be ma-
nipulated to pull the distal securing member 130 to cause
its movement relative to the proximal securing member
120. As a result, the occluding stent 110 will collapse or
expand at the first distal end 111b, under the control of
the control shaft 220. Preferably, movement of the distal
securing member 130 toward the proximal securing
member 120 can cause the end portions of the occluding
stent 110 at the first distal end 111b to abut against one
another, as shown in Fig. 4a or 4b.

[0049] With reference to Figs. 3 and 4a, when the con-
trol shaft 220 is retracted toward the first proximal end
111a of the occlusion structure 111, the distal securing
member 130 will be driven to move toward the proximal
securing member 120, causing inward rolling of the end
portions of the occluding stent 110 at the first distal end
111b. Moreover, when the control shaft 220 is retracted
to an appropriate position, the end portions of the occlu-
sion structure 111 at the first distal end 111b will abut
against one another. In this configuration, the abutting of
the end portions of the occluding stent 110 at the first
distal end 111b against one another will stop further re-
traction of the control shaft 220 and hence further inward
rolling of the occluding stent 110, thus avoiding entan-
glement between opposite sides of the concave-shaped
occluding stent that may be caused by the further retrac-
tion.

[0050] More specifically, before the collapse, as shown
in Fig. 2, the occlusion structure 111 may be divided by
the traction structure 112 into a first portion 111c and a
second portion 111d axially joined to the first portion
111c. That is, with the connection point of the traction
structure 112 to the occlusion structure 111 being con-
sidered as a boundary, the first portion 111c is located
on one side ofthe boundary, and the second portion 111d
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is located on the other side of the boundary. Moreover,
the first portion 111¢ may provide the first proximal end
111a, and the second portion 111d may provide the first
distalend 111b. The firstand second portions 111¢, 111d
may be separately fabricated and then both connected
to the traction structure 112. Alternatively, the first and
second portions 111c, 111d may be connected together
or integrally molded, followed by attachment of the trac-
tion structure 112 to them. Still alternatively, the first por-
tion 111c¢, the second portion 111d and the traction struc-
ture 112 may be molded as a unitary structure. The
present invention is not limited to any particular method
for attaching the traction structure 112 to the occlusion
structure 111. The traction structure 112 may be attached
to the occlusion structure 111 by suturing, welding, bond-
ing, snapping or the like.

[0051] In addition, the second portion 111d may be ta-
pered, as shown in Fig. 3. Although not shown, it may
also be straight or flared. Still alternatively, it may consist
of a combination of any two or three of a tapered section,
a straight section and a flared section. For example, the
second portion 111d may consist of a flared section at
its proximal end, a tapered section at its distal end, and
a straight section between the two. The flared section
may have a cross-sectional area increasing in the direc-
tion from the proximal to distal end of the second portion
111d. The straight section may have a cross-sectional
area unchanged in the direction from the proximal to dis-
tal end of the second portion 111d. The tapered section
may have a cross-sectional area decreasing in the direc-
tion from the proximal to distal end of the second portion
111d. Preferably, the second portion 111d is made up of
a single tapered section, or has a tapered section at the
distal end, in order to avoid piercing and tearing tissue.
Further, an excessively small inward taper angle of the
tapered section tends to cause damage to tissue and
should be avoided. Of course, an excessively large in-
ward taper angle of the tapered section should also be
avoided, because it tends to cause entanglement of the
end portions at the first distal end during their gathering.
[0052] Further, the second portion 111d may in partic-
ular have a plurality of projections at the first distal end
111b, which will abut against one another as a result of
movement of the distal securing member 130 toward the
proximal securing member 120 under the traction of the
traction structure 112. The projections may be in the
shape of triangles, but the present invention is not so
limited, because the projections may also be in the shape
of trapezoids, rectangles, waves or the like. In one em-
bodiment, the projections are defined by a number of
mesh cells of the second portion 111d. For example, as
shown in Fig. 1, the projections may be provided by tri-
angular portions of diamond-shaped mesh cells, which
are distributed at the first distal end 111b on the circum-
ference of a circle. Additionally, the second portion 111d
is preferred to have a length that is equal to 3% to 30%
of an outer diameter or total length of the occlusion struc-
ture 111, in order to ensure effective abutting at the first
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distal end 111b. In some embodiments, the length of the
second portion 111d may be equal to 5% to 25% of the
outer diameter or total length of the occlusion structure
111. In some embodiments, the length of the second por-
tion 111d may be equal to 8% to 22% of the outer diam-
eter or total length of the occlusion structure 111. In some
embodiments, the length of the second portion 111d may
be equal to 10% to 20% of the outer diameter or total
length of the occlusion structure 111. In some embodi-
ments, the length of the second portion 111d may be
equal to 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19% or 20% of the outer diameter or total length of
the occlusion structure 111. The length of the second
portion 111d may be equal to, for example, 0.1 to 1 seg-
ment width or in any range between those values. Here,
the term "segment width" refers to an axial length of each
mesh cell of the occlusion structure. In some embodi-
ments, the length of the second portion 111d may be
equal to, for example, 0.2 to 0.9 segment widths. In some
embodiments, the length of the second portion 111d may
be equal to, for example, 0.3 to 0.8 segment widths. In
some embodiments, the length of the second portion
111d may be equal to, for example, 0.3, 0.4, 0.5, 0.6, 0.7
or 0.8 segment widths.

[0053] As shown in Fig. 4a, when the end portions of
the occlusion structure 111 at the first distal end 111b
are gathered to abut against one another, the second
and first portions 111d, 111c of the occlusion structure
111 and the traction structure 112 together provide bal-
anced leverage so that the occlusion structure 111
achieves a self-stabilizing equilibrium and will not roll in-
wardly any more unless the traction structure 112 expe-
riences a tension force that is sufficiently large or strength
of the traction structure 112 is higher than that of the
occlusion structure 111. In this configuration, the occlu-
sion structure 111 will not further roll inwardly even when
the traction structure 112 is tensioned to break. There-
fore, the abutting of the end portions of the second portion
111d against one another can effectively block further
retraction of the control shaft 220. In other words, the
connection point of the traction structure 112 to the oc-
clusion structure 111 may be located not just at the first
distal end 111b of the occlusion structure 111 but a dis-
tance from the first distal end 111b, so that the end por-
tions atthe first distal end 111b can be gathered and abut
against one another under the traction of the traction
structure 112, thus providing resistance to further retrac-
tion. In this way, the occluding stent 110 can have me-
chanical self-limiting capabilities, which prevent entan-
glement of the LAA occluder 100 caused by over-retrac-
tion during its retrieval and allow an increased surgical
success rate.

[0054] Alternatively, as shown in Fig. 4b, the gathered
end portions of the occlusion structure 111 at the first
distal end 111b may not abut against one another. Rath-
er, since the end portions of the occlusion structure 111
at the first distal end 111b are mesh cells, the second
portion 111d may cross over one another in such a man-
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ner that the projections in each pair of opposing projec-
tions in the second portion 111d insert into and are
pushed against each other. This may also stop further
retraction of the control shaft 220.

[0055] The advantages provided by preferred embod-
iments of the present invention will be described in detail
below with additional reference to Figs. 5a to 5¢, which
show an LAA occluder as a comparative example. For
the sake of brevity, components are shown in a simplified
and schematic manner in Figs. 5a to 5¢ or omitted there-
from. However, those skilled in the art can know how they
are implemented from the teachings of this application
and available knowledge.

[0056] As shown in Figs. 5a to 5c, the comparative
example is assumed to not include the second portion
111d, with the connection point of the traction structure
112 to the occlusion structure 111 being located just at
the first distal end 111b of the occlusion structure 111.
In this example, the occluding stent 10 is also coupled
detachably to the control shaft 220 at the distal end and
to the hollow push tube 210 at the proximal end. There-
fore, in practical use, distal end portions of the occluding
stent 10 can also be gathered by retracting the control
shaft 220. However, the inventors have found that this
occluding stent 10 tends to encounter the problem of en-
tanglement during its retrieval.

[0057] Specifically, in the retrieval process, the control
shaft 220 tends to be over-retracted a distance exceeding
its maximum permissible stroke due to human error, thus
possibly causing the problem of entanglement as a result
of inward rolling of the occluding stent 10 itself and an-
chors 11 thereon. This is because the retrieval relies
mainly on manual control of movement of the control shaft
220 (such movement is associated with a theoretical po-
sition limit, and the aforementioned problem tends to take
place whenthe limitis exceeded). As aresult, the retrieval
control involves much subjectivity, is low in reliability, and
cannot effectively ensure a sufficient surgical success
rate. In order to overcome this, as shown in Fig. 7, ac-
cording to preferred embodiments of the present inven-
tion, a trialing section (i.e., the second portion 111d) is
added to the distal end of the occluding stent 10 to impart
mechanical limiting capabilities to the occlusion structure
111, which allow the end portions of the occlusion struc-
ture 111 at the first distal end 111b to be gathered and
preferably abut against one another (as shown Fig. 8)
when the control shaft 220 is retracted to an appropriate
position, thus making the control shaft 220 impossible to
be retracted any more. This limiting mechanism is highly
reliable and can effectively avoid the problem of entan-
glement of the occlusion structure and result in an in-
creased surgical success rate. Fig. 7 is a schematic il-
lustration of the LAA occluder 100 assembled with the
delivery device 200 according to preferred embodiments
of the presentinvention, and Fig. 8 shows the assembled
LAA occluder 100 and the delivery device 200 according
to preferred embodiments of the present invention, with
the distal end portions of the LAA occluder 100 being
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abutting against one another under a driving action of
the delivery device 200. Similarly, components are
shown in a simplified form in these two figures or omitted
therefrom, but those skilled in the art can know, from the
teachings of this application and available knowledge,
how they are implemented and what their advantages
are.

[0058] Inparticular, before the LAA occluder 100 of the
present invention is completely released in the body of
apatient, ifthe operator finds that the release would result
in undesired implantation of the occluder, for example,
to a too shallow or deep depth or with an inclined orien-
tation, the LAA occluder 100 can be retrieved and repo-
sitioned at least by means of the delivery device 200.
According to embodiments of the present invention, the
retrieval and repositioning of the LAA occluder 100 can
be accomplished in the following two ways:

1) Direct adjustment of the occluding stent’s position

[0059] Atfirst, with the proximal securing member 120
being kept stationary, the control shaft 220 is manipulat-
ed to drive the distal securing member 130 to move to-
ward the proximal securing member 120 so that the oc-
cluding stent 110 is further contracted (if possible, this
may release the coupling of the occluding stent 110 to
the inner wall of the LAA, such as attachment or anchor-
ing). The hollow push tube 210 is then pushed to make
an adjustment in the position of the occluding stent 110
in the LAA. Once the occluding stent 110 has been tuned
to a desired position, the control shaft 220 is withdrawn,
and the distal securing member 130 will move backwards
under the action of the elasticity of the occluding stent
110 and then stop somewhere. At this point, the retrieval
and repositioning of the occluder are achieved. It is to be
noted that the backward movement may re-establish the
coupling of the occluding stent 110 to the inner wall of
the LAA, resulting in securing of the occluding stent 110.
For example, as a result of gradual spring-back of the
distal end portions of the occluding stent 110, the anchors
on the occluding stent 110 will come into contact with
and pierce into the tissue of the inner wall of the LAA. On
the contrary, contraction of the occluding stent 110 will
pull the anchors out of the tissue of the inner wall of the
LAA.

2) Indirect adjustment of the delivery sheath’s position

[0060] First of all, with the proximal securing member
120 being kept stationary, the control shaft 220 is ma-
nipulated to drive the distal securing member 130 to move
toward the proximal securing member 120 so that the
occluding stent 110 is further contracted. Upon the oc-
cluding stent 110 shrinking to a proper size, the occluding
stent 110 is partially or entirely retrieved into the delivery
sheath with the aid of the hollow push tube 210. After-
ward, when the delivery sheath is tuned to a desired po-
sition, the occluding stent 110 is again pushed by the
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hollow push tube 210 out of, and thus released from, the
delivery sheath at the distal end thereof, so that it is po-
sitioned and anchored in the left atrial appendage (LAA)
S, as shown in Fig. 6, in order to close the LAA and pre-
vent blood clots from passing through the LAA orifice.
[0061] As shown in Fig. 6, in order for more effective
closure of the LAA and more effective prevention of the
passage of blood clots through the LAA orifice to be
achieved, the LAA occluder 100 may further include an
occluding membrane 140 configured to cover an internal
or external surface of the occluding stent 110 or part
thereof. The occluding membrane 140 may be made of
a polymer material, and the occluding stent 110 may be
a self-expanding stent made, preferably, of an elastic or
super-elastic material and, more preferably, of a shape
memory elastic material such as Nitinol. Further, the
proximal and distal securing members 120, 130 are pref-
erably made of a biocompatible material such as, for ex-
ample, stainless steel, Nitinol, a titanium alloy or the like.
[0062] In addition, the occlusion structure 111 may in-
clude a plurality of mesh cells with many corner nodes.
Preferably, the traction structure 112 is attached to the
occlusion structure 111 at some of the corner nodes, and
the number of the traction elements 1121 is smaller than
or equal to that of corner nodes distributed on the same
circumference of the occlusion structure 111. That is, not
all the corner nodes on the same circumference may be
connected to the traction structure 112. The number of
the traction elements 1121 may be at least three such
as, forexample, without limitation, eight, as shown. More-
over, in order to provide strengthened structural support,
the traction elements 1121 are preferably wires or struts
that can be axially stressed. More preferably, the traction
elements 1121 may be formed of a material selected from
shape memory materials such as polymers or metal al-
loys.

[0063] Further, the distal securing member 130 may
be detachably coupled to a fourth distal end 221 of the
control shaft 220, for example, by threading, latching,
snapping or the like, which provides the advantages of
structural simplicity and facilitated retrieval. Controlling
the contraction and deformation of the LAA occluder by
means of the control shaft 220 that is independent of the
hollow push tube 210 can simplify and facilitate the re-
trieval operation. Likewise, the hollow push tube 210 may
be detachably coupled, at the third distal end 211, to the
proximal securing member 120 by threading, latching,
snapping or the like.

[0064] As shown in Figs 1 to 4, preferably, the LAA
occluder 100 may further include a hollow guide member
150 configured to adjust the shape and orientation of the
during retrieval. The hollow guide member 150 may have
a second proximal end and a second distal end opposing
the second proximal end. The second proximal end of
the hollow guide member 150 may be coupled to the first
proximal end 111a of the occlusion structure 111. Spe-
cifically, the hollow guide member 150 may be connected
to the first portion 111c in such a manner that, prior to
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the gathering of the end portions (i.e., in an expanded
configuration), the hollow guide member 150 is located
between the proximal securing member 120 and the dis-
tal securing member 130 and is arranged coaxially with
the proximal securing member 120 in order to allow in-
sertion of the distal securing member 130 and at least
part of the traction structure 112 into the hollow guide
member 150 from the second distal end. In this way, the
shape and direction of deformation of the occluding stent
110 can be controlled to facilitate retrieval. Further, the
control shaft 220 inserted in the proximal securing mem-
ber 120 may be further inserted through the hollow guide
member 150 and then coupled to the distal securing
member 130. As a result, when the control shaft 220 is
retracted, the distal securing member 130 and part of the
traction structure 112 may be pulled into the hollow guide
member 150, thus limiting axial movement of the distal
securing member 130 within the hollow guide member
150. This can ensure a desirable shape and orientation
of the occluding stent 110 at the first distal end and hence
successful retrieval. Therefore, itis necessary for the siz-
es of the distal securing member 130 and the traction
structure 112 to be so designed to allow their passage
through the lumen of the hollow guide member 150.
[0065] The hollow guide member 150 may be made of
a polymer or metal. In one preferred embodiment, the
hollow guide member 150 defines a flared opening at the
second distal end, which is configured to facilitate smooth
pull-in of the traction structure 112 to the hollow guide
member 150. According to one preferred embodiment of
the present invention, the length of the second portion
111d is preferably greater than an inner diameter of the
hollow guide member 150. As such, when retracted by
the traction structure 112, the second portion 111d will
roll inwardly until it directly abuts against the distal end
of the hollow guide member 150, thus blocking further
entry of the second portion 111d into the hollow guide
member 150. This can also provide the advantage of
stopping further retraction of the control shaft 220.
[0066] Further, in order to more firmly secure the LAA
occluder, either or both of the occlusion structure 111
and the traction structure 112 may be provided thereon
with one or more anchors 113 configured to firmly secure
the occluding stent 110 in the LAA with any displacement
being effectively prevented and with ensured firmness
by piercing into the tissue of the inner wall of the LAA.
The anchors 113 may be barbs arranged at respective
corner nodes of the mesh cells. However, the present
invention is not limited to the case that only one anchor
113 is arranged at a single corner node. In one embod-
iment, along the axial direction, one or more rows of an-
chors 113 are arranged on the occluding stent 110. The
anchors 113 can detach from the wall of the LAA upon
retrieval of the occluding stent and can again fierce into
the tissue of the inner wall of the LAA during spring-back
of the occluding stent in the course of its re-release.
[0067] Obviously, in the expanded configuration of the
occluding stent 110 according to embodiments of the
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present invention, in the axial direction thereof, the con-
nection point of the traction structure 112 to the occlusion
structure 111 is located farther away from the proximal
securing member 120 than from the distal securing mem-
ber 130. For example, the traction structure 112 may as-
sume an umbrella-like shape having an opening facing
the first distal end 111b. In other embodiments, it may
also be configured that, in the expanded configuration,
in the axial direction of the occluding stent, the connection
point of the traction structure 112 to the occlusion struc-
ture 111 is located closer to the proximal securing mem-
ber 120 than to the distal securing member 130. In this
case, for example, the traction structure 112 may assume
an umbrella-like shape having an opening facing the first
proximal end 111a.

[0068] In addition, in the case with the opening of the
traction structure 112 facing the first proximal end 111a,
the second proximal end of the traction structure 112
(i.e., the end where the distal securing member 130 is
arranged) may be located out of the occluding stent 110.
However, for safety considerations, it is preferred that
the second proximal end of the traction structure 112
does not extend beyond the first distal end 111b of the
occlusion structure 111, in order to prevent bringing dam-
age to the tissue due to an excessive length. Further,
before the partial gathering of the occluding stent 110 at
the first distal end 111b, the connection point of the trac-
tion structure 112 to the occlusion structure 111 may be
aligned with the distal securing member 130 in the axial
direction of the occluding stent.

[0069] Itisto be notedthat, inthe case with the opening
of the traction structure 112 facing the first proximal end
111a, the second end of the traction structure 112 where
it is attached to the occlusion structure 111 is considered
as its proximal end, while the first end thereof where it is
coupled to the distal securing member 130 is considered
as its distal end. In this case, the traction structure 112
is coupled at the distal end to the distal securing member
130. On the contrary, in the case with the opening of the
traction structure 112 facing the first distal end 111b, the
second end of the traction structure 112 where it is at-
tached to the occlusion structure 111 is considered as
its distal end, while the firstend thereof where itis coupled
to the distal securing member 130 is considered as its
proximal end. In this case, the traction structure 112 cou-
pled at the proximal end to the distal securing member
130.

[0070] In embodiments of the present invention, there
is also provided a left atrial appendage (LAA) occlusion
system including the LAA occluder 100 and the delivery
device 200 as defined above. The delivery device 200
includes the hollow push tube 210 and the control shaft
220. The hollow push tube 210 is detachably coupled to
the proximal securing member 120 in order to allow de-
livery and release of the LAA occluder 100. The control
shaft 220 is inserted through the hollow push tube 210
and the proximal securingmember 120 and is detachably
coupled to the distal securing member 130 in order to
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allow retrieval and release of the LAA occluder 100.
[0071] While different variants of the occluding stent
have been described in detail with reference to the fore-
going embodiments, it is a matter of course that the
presentinvention includes, butis not limited to, the above
variants discussed hereinabove, and any change made
thereto is intended to also fall within the scope of the
present invention. Other embodiments are possible for
those skilled in the art in light of the above embodiments.
[0072] Insummary, in the occluding stent according to
embodiments of the present invention, each of the oc-
clusion and traction structures is coupled to a respective
one of the securing members. The distal securing mem-
ber coupled to the traction structure can move relative to
the proximal securing member coupled to the occlusion
structure to result in a reduction in the axial length of the
occluding stent. As a result, the length of the delivery
device can be shortened with lower cost, reduced surgi-
cal difficulty and shorter surgical time.

[0073] Moreover, according to the present invention,
in addition to a reduction in the axial length of the occlud-
ing stent, the movement of the distal securing member
toward the proximal securing member can also result in
a reduced outer diameter of the occluding stent, which
can facilitate retrieval of at least part of the occluding
stent into the delivery sheath during release and subse-
quent re-positioning and re-release thereof. Additionally,
this can keep the anchors on the occluding stent away
from the inner wall of the LAA under the action of the
distal securing member, avoiding bringing damage to the
tissue or muscle during repeated re-positioning and re-
trieval and assuring safety and reliability of the retrieval
operation.

[0074] Notably, according to the present invention,
when the end portions of the occlusion structure are gath-
ered at the first distal end as a result of the movement of
the distal securing member toward the proximal securing
member, further movement of the distal securing mem-
ber (i.e., further retraction of the control shaft) will be
blocked. This can avoid the problem of entanglement re-
sulting from inward rolling of the occluding stent in the
event of human error, resulting in an additional increase
in surgical success rate.

[0075] The description presented above is merely that
of a few preferred embodiments of the present invention
and does not limit the scope thereof in any sense. Any
and all changes and modifications made by those of or-
dinary skill in the art based on the above teachings fall
within the scope as defined in the appended claims.

Claims

1. A left atrial appendage occluder, comprising an oc-
cluding stent, a proximal securing member and a dis-
tal securing member,
the occluding stent comprising an occlusion struc-
ture and a traction structure, the occlusion structure
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having a first proximal end and a first distal end op-
posing the first proximal end, the proximal securing
member disposed at the first proximal end and con-
figured to form a closed configuration at the first prox-
imal end, the first distal end configured in an open
configuration, the traction structure attached to the
occlusion structure and at least partially overlapped
with the occlusion structure along an axial direction,
the traction structure comprising a plurality of traction
elements each having a first end connected to the
distal securing member and a second end connected
to the occlusion structure, wherein movement of the
distal securing member toward the proximal secur-
ing member is able to cause the occluding stent to
transition from an expanded configuration to a col-
lapsed configuration.

The left atrial appendage occluder according to claim
1, wherein the occlusion structure is divided by the
traction structure into a first portion and a second
portion joined to the first portion along the axial di-
rection, the first portion providing the first proximal
end, the second portion providing the first distal end.

The left atrial appendage occluder according to claim
2, wherein a length of the second portion is equal to
3% to 30% of an outer diameter or total length of the
occlusion structure.

The left atrial appendage occluder according to claim
2, wherein a length of the second portion corre-
sponds to 0.1 to 1.0 segment.

The left atrial appendage occluder according to claim
2, wherein the second portionis one ora combination
of a tapered structure, a straight structure and a
flared structure.

The left atrial appendage occluder according to claim
5, wherein a distalmost end of the second portion is
a tapered structure.

The left atrial appendage occluder according to claim
2, further comprising a hollow guide member coupled
to the occlusion structure, the hollow guide member
arranged coaxially with the proximal securing mem-
ber so as to allow passage of the distal securing
member and at least part of the traction structure
therethrough.

The left atrial appendage occluder according to claim
7, wherein the hollow guide member has a second
proximal end and a second distal end opposing the
second proximal end, the second proximal end cou-
pled to the first proximal end of the occlusion struc-
ture, and wherein the distal securing member and
the at least part of the traction structure are able to
be inserted into the hollow guide member from the
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13.

14.

15.

16.

second distal end, the second distal end having a
flared opening.

The left atrial appendage occluder according to claim
7, wherein the hollow guide member has an inner
diameter smaller than a length of the second portion.

The left atrial appendage occluder according to any
one of claims 1 to 9, wherein the traction structure
is completely overlapped with the occlusion structure
along the axial direction.

The left atrial appendage occluder according to any
one of claims 1 to 9, wherein the occlusion structure
further comprises a plurality of projections at the first
distalend, the plurality of projections abutting against
one another, to limit the movement of the distal se-
curing member toward the proximal securing mem-
ber under traction of the traction structure.

The left atrial appendage occluder according to any
one of claims 1 to 9, wherein a connection point of
the traction structure to the occlusion structure is
aligned with the distal securing member along the
axial direction.

The left atrial appendage occluder according to any
one of claims 1 to 9, wherein the occlusion structure
comprises a plurality of mesh cells, the plurality of
mesh cells each having a plurality of corner nodes,
and wherein a number of the traction elements is
smaller than or equal to that of the plurality of corner
nodes on a same circumference of the occlusion
structure.

The left atrial appendage occluder according to any
one of claims 1 to 9, further comprising an occluding
membrane, which covers at least part of an internal
or external surface of the occluding stent, the occlu-
sion structure and/or the traction structure provided
thereon with an anchor for securing the left atrial ap-
pendage occluder to an inner wall of a left atrial ap-
pendage.

The left atrial appendage occluder according to any
one of claims 1 to 9, wherein the occlusion structure
is molded integrally with, or separately from, the trac-
tion structure, and wherein the distal securing mem-
ber is arranged coaxially with the proximal securing
member.

Aleft atrial appendage occlusion system, comprising
the left atrial appendage occluder as defined in any
one of claims 1 to 15 and a delivery device, the de-
livery device comprising a hollow push tube and a
control shaft, the hollow push tube detachably cou-
pled to the proximal securing member in order to
allow delivery and release of the left atrial appendage
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occluder, the control shaft inserted through the hol-
low push tube and the proximal securing member
and detachably coupled to the distal securing mem-
ber in order to allow retrieval and release of the left
atrial appendage occluder.

The left atrial appendage occluder according to claim
16, wherein the hollow push tube has a third distal
end configured for connection with the proximal se-
curing member by threading, latching or snapping,
and wherein the control shaft has a fourth distal end
configured for connection with the distal securing
member by threading, latching or snapping.
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